Introduction The purpose of this study was to assess the impact of body mass index (BMI) on tension-free vaginal tape (TVT) success rates, patient satisfaction, and complications 1 year following surgery. Methods Baseline and 1-year postsurgery outcomes were abstracted, including Urogenital Distress Inventory (UDI-6) scores, Incontinence Impact Questionnaire (IIQ-7) scores, and patient satisfaction ratings. Multivariable logistic and linear regression analyses were performed to examine relationships between outcomes and BMI. Results Subjects (N=195) with a mean age of 59.3±12.6 were included. There was significant improvement within each group (all p values <0.01) in total UDI-6 and IIQ-7 scores from baseline to 1 year postsurgery; all groups had high patient satisfaction. No differences in improvement or complications rates were observed among the BMI cohorts (all p values >0.05). Conclusion Differential counseling of overweight or obese women regarding outcomes of the TVT procedure is not supported by these results; longer follow-up is warranted.
Introduction
The tension-free vaginal tape (TVT) mid-urethral sling, first introduced in 1996 by Ulmsten, is recognized as a highly effective treatment for stress urinary incontinence [1] . A recent systematic review confirmed a high subjective and objective cure rate when compared to laparoscopic Burch colposuspension, without increasing costs, complications, voiding dysfunction, or irritative voiding symptoms [2] .
Obesity (BMI>30 kg/m 2 ) is now an epidemic among industrialized nations, with rates in USA and Europe of almost 30% [3] . Urinary incontinence (UI) continues to be a problem among obese women, with a recent study showing 67% of women presenting for bariatric surgery consultation with some form of urinary incontinence [4] . Higher intraabdominal pressures have been observed in patients with greater body mass index (BMI), with a mean of 4.9 mm Hg observed in non-obese patients compared to a mean of 8.9 mm Hg in morbidly obese patients [5] . Increased intraabdominal pressure results in increased intravesical pressure, increased pressure at maximum cystometric capacity, and decreased cough pressure transmission from the bladder to the urethra, as well as decreased Valsalva leak point pressures, which may contribute to the development of stress incontinence in obese patients [5] [6] [7] [8] . Obesity-induced neurogenic effects on the pelvic floor may also contribute to urethral dysfunction and resulting UI [6] . Even though the TVT sling is highly effective for the treatment of stress UI, there is some concern that its efficacy may be reduced in overweight or obese patients.
Evidence regarding the impact of obesity on outcomes of Burch urethropexy or needle suspension procedures has been mixed [7] [8] [9] [10] . Studies investigating the potential impact of obesity on TVT sling outcomes have not demonstrated a difference in outcome by BMI in the short-term (<1 year) [11] [12] [13] [14] [15] [16] . Recently, a study by Hellberg et al. demonstrated significant failure rates (52%) in the morbidly obese population (BMI>35) compared to healthy weight women (19%) with long-term follow-up (mean 68 months) [17] . Thus, there are conflicting reports regarding TVT sling efficacy rates in the obese woman. Furthermore, there are very little data describing satisfaction with the procedure in obese patients. The purpose of this study was to assess the potential impact of obesity on TVT sling success rates, patient satisfaction, and complications 1 year following surgery.
Materials and methods
After Institutional Review Board approval was obtained, data were abstracted from the University of Alabama at Birmingham (UAB) Genitourinary Disorders Center (GDC) database on patients who had undergone a TVT sling procedure for stress UI between January 2001 and June 2005. All patients undergoing a TVT procedure, including those undergoing concurrent pelvic reconstructive surgery, were included in this analysis. Objective evaluation of SUI symptoms was performed in all patients, and in those with significant prolapse without a priori symptoms of SUI, reduction stress testing was performed, which "unmasked" a potential or occult stress incontinence. All procedures were performed by one of three surgeons in the Women's Pelvic Medicine and Reconstructive Surgery Division with the participation of residents and fellows as appropriate for training. Patients (N=195) were included if they completed and returned the Urogenital Distress Inventory (UDI-6) and Incontinence Impact Questionnaire (IIQ-7) at baseline and 1 year after surgery and a validated Patient Satisfaction Question (PSQ) 1 year after surgery.
The UDI-6 and IIQ-7 are validated symptom distress and quality of life impact questionnaires, respectively [18, 19] . Each is scored to a maximum of 100, where higher scores correspond to worse symptoms of bother (UDI-6) and impact on life (IIQ-7) from UI. The validated PSQ queries "How satisfied are you with your progress in this program?" (completely, somewhat, or not at all) [20] .
Chart reviews were performed to obtain demographic data, medical comorbidities, previous pelvic surgery history, estrogen use, pelvic organ prolapse quantification (POP-Q) [21] , urodynamic parameters (uninstrumented uroflow and complex cystometrogram), and concurrent surgery. Data on the following complications were also collected: bladder perforation, urinary retention or incomplete bladder emptying (defined as the need for bladder drainage beyond 2 weeks following surgery), failed voiding trial on the day of discharge from hospital, TVT excision, TVT exposure, ureteral injury, postsurgery transfusion, fever, atelectasis, pneumonia, and thromboembolic event. A successful voiding trial was defined as being able to void two thirds of a 300 cc retrograde fill (or maximal capacity if <300).
One-year outcomes on the UDI-6, IIQ-7, and PSQ were compared among three BMI subgroups defined using the World Health Organization definitions (normal 20-24.9, overweight 25-29.9, obese ≥30 kg/m 2 ). The presence of stress UI, at baseline and 1 year follow-up, was defined as answering "moderately" or "greatly" on either item of the UDI-6 stress subscale (questions 3 or 4). In addition, comparisons among BMI subgroups for irritative bladder symptoms (UDI-6 questions 1 and 2) and total UDI-6 and IIQ-7 scores were analyzed at baseline and 1 year.
Univariate analysis via chi-square and Kruskall Wallis were used to identify any potential baseline confounders, defined as variables associated with both BMI category and the primary outcome of stress UI. Multivariable logistic regression for categorical outcomes and multivariable linear regression for continuous variables were used to control for these potential confounders. A sample size of 195 provided 90% power to detect the trend of 20% of normal weight women reporting stress urinary incontinence at 1-year follow-up, 35% of overweight women reporting stress urinary incontinence at 1-year follow-up, and 50% of obese weight women reporting stress UI at 1-year follow-up using an alpha = 0.05. Table 1 . A comparison of characteristics between women who did and did not return the 1-year questionnaires found no differences for age, race, parity, BMI, prevalence of diabetes mellitus, maximum cystometric capacity (MCC), Valsalva leak point pressure at maximal bladder capacity (VLPP-MCC), or presence of stress UI (p>0.05).
Results

Of
The presence of diabetes mellitus (p=0.02) and increased VLPP-MCC (p<0.01) on preoperative urodynamics were identified as potential confounding variables and were controlled for in the multivariable logistic and linear regression modeling. Analyses indicated significant improvement on all outcome measures within each BMI group, including stress UI, irritative bladder symptoms, total UDI-6 score, and total IIQ-7 score (p<0.01; Fig. 1 ). There were no differences among the three BMI groups in improvement from baseline to 1 year postsurgery (stress UI p=0.91, irritative symptoms p=0.95, total UDI-6 p=0.22, total IIQ-7 p=0.17). a Diabetes mellitus and VLPP-MCC were potential confounders (associated with both BMI groups and the primary outcome) and were, therefore, controlled for in the analyses Patient satisfaction with TVT was not significantly different by BMI group (p=0.98; Table 2 ). The percentage of patients that were somewhat or completely satisfied was 91% for normal weight women, 89% for overweight women, and 92% for obese women.
Complications did not differ by BMI group (Table 3) . Two normal weight patients underwent repeat incontinence procedures; one patient had a xenograft pubovaginal sling and the other a repeat TVT. One overweight patient had a repeat TVT; however, none of the obese patients had a repeat incontinence procedure. At 1 year after surgery, two patients in the normal weight group continued to perform intermittent self catheterization (ISC); however, one of those women had performed ISC prior to TVT placement due to chronic urinary retention. The other woman had a favorable response to alpha antagonist therapy and only performed ISC as needed. A third normal weight woman had urethrolysis at 7 months after TVT placement. One participant from the obese group performed ISC for over 3 months. The four other participants with post-TVT retention, defined as requiring bladder drainage 2 weeks after TVT placement, were not performing ISC at 1 year.
Discussion
Stress UI symptoms 1 year after TVT sling placement were improved in all three BMI categories with no differences noted among groups. In addition, rates of irritative bladder symptoms showed significant clinical improvement among the three cohorts. Further, the observed improvements in patient-reported distress (total UDI-6 score) and impact on quality of life (total IIQ-7 score) with UI did not vary between normal, overweight, and obese participants. Patient satisfaction was high overall and did not vary by BMI group. Complication rates were low with the exception of failing a voiding trial after surgery; however, retention rarely persisted. Regardless of BMI category, patients had significant clinical improvement in stress and irritative symptoms, while reporting less bother and impact with UI, with the majority being completely or somewhat satisfied.
Among the relatively few studies that have examined the relationship between BMI and TVT sling outcome, four have reported no significant association. Raffi et al. published a series with 149 consecutive patients followed up for at least 6 months postoperation (mean 6-24) [12] . Incontinence severity was measured using the IngelmanSundberg scale at baseline and objective cough stress test to determine cure. The study found no significant association with TVT sling failure and obesity; however, only 38 (25.5%) patients had a BMI>30. Lovatsis et al. published a case series of matched patient pairs (those with BMI <30 versus those with BMI >35), controlling for age and prior continence surgery [13] . Cure was defined by objective cough stress test in the office or subjective cure reported in phone interviews. There was a very high cure rate for both groups; however, this study did not address preoperative severity of symptoms. Mukherjee et al. published results from 242 women with stress UI, using a quality of life and bladder symptom-specific questionnaire at baseline and at follow-up [14] . All BMI categories had improved quality of life and bladder symptoms; however, patients were only followed up for 6 months postoperatively. Ku et al. published one of the largest series of patients, again demonstrating no difference in outcomes greater than 6 months postoperatively [15] . However, obesity was defined by a BMI of 27 or greater in their Korean population, making the study less applicable to American and European populations.
In contrast, a recent study by Hellberg et al. did show that obesity may have an impact on effectiveness of TVT sling in the longer term [17] . Patients (N=970) who underwent a TVT sling between 1995 and 2001 were sent a questionnaire in 2004, garnering 760 (78%) respondents. The average follow-up time was 5.7 years, and groups were organized by age and BMI, controlling for other confounders. A significant difference in failure rate was noted between those subjects with a normal BMI (<25; 81.2% cure rate) and those with significant obesity (BMI > 35; 52.1% cure rate). However, this paper did not address preoperative symptoms, did not control for preoperative symptom severity, and was not able to assess the overall impact and improvement in incontinence after the procedure. Further, a validated questionnaire was not used, thus decreasing reliability of the study data.
In addition to exploring and controlling for confounders, a strength of our study was the use of the validated UDI-6 and IIQ-7 questionnaires with measurement at baseline and prospective follow-up at 1 year. Therefore, any potential differences in baseline scores between BMI groups that might influence 1-year scores were accounted for. Another major strength was the use of a validated question for reporting patient satisfaction. Along with the inherent weaknesses of performing a retrospective chart review, another weakness of this study was the potential bias of excluding patients who did not complete both baseline and 1-year questionnaires, which comprised the majority of the women who had a TVT sling in this study period. This potential bias was accepted in favor of the above-described statistical advantage of having both baseline and 1-year validated subjective outcomes and is probably limited as no differences were found in select patient characteristics (age, race, parity, BMI, diabetes mellitus, MCC, VLPP-MCC, and presence of stress UI). Furthermore, the majority of patients also underwent concurrent surgery, which theoretically could impact on incontinence outcomes. However, Normal (N=68) Overweight ( there were no differences among the BMI groups in rates or types of concurrent surgery, and our information is more generalizable to practices targeting the care of women with other co-existing pelvic floor issues. Finally, the authors are unable to determine how many participants may have had repeat incontinence surgery elsewhere. Based on the findings of this study, differential presurgical counseling of overweight or obese women regarding 1-year outcomes of the TVT procedure is not supported, although longer term follow-up is needed.
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